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1
SYSTEMS AND METHODS FOR
PERFORMING MATHEMATICAL
FUNCTIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This disclosure claims priority to and benefit from U.S.
Provisional Patent Application No. 61/548,841, filed on Oct.
19, 2011, the entirety of which is incorporated herein by
reference.

FIELD

The technology described in this patent document relates
generally to electric circuits, and more particularly to arith-
metic logic unit (ALU) circuitry.

BACKGROUND

An arithmetic logic unit (ALU) is a fundamental building
block of microprocessors. For example, microprocessors in
modern central processing units of computers and graphics
processing units accommodate powerful and complex arith-
metic logic units. An arithmetic logic unit can be designed to
perform arithmetic operations, such as addition and subtrac-
tion.

SUMMARY

In accordance with the teachings described herein, systems
and methods are provided for performing mathematical func-
tions. In one embodiment, a system includes an instruction
decoder configured to decode instructions for performing a
mathematical function, an arithmetic logic unit having an
alterable configuration to perform a combination of arith-
metic operations, and a control unit configured to, based on
the instructions decoded by the instruction decoder, output
one or more control signals to the arithmetic logic unit. In
response to the arithmetic logic unit receiving the one or more
control signals, the configuration of the arithmetic logic unit
is configured to be altered in accordance with the one or more
control signals such that the combination of arithmetic opera-
tions to be performed by the arithmetic logic unit is substan-
tially equivalent to the mathematical function.

In another embodiment, a method is provided for perform-
ing mathematical functions. Instructions are received for per-
forming a mathematical function and decoded. One or more
control signals are generated based on the decoded instruc-
tions. The one or more control signals are received. An alter-
able configuration of an arithmetic logic unit is changed in
accordance with the one or more control signals. A combina-
tion of arithmetic operations is performed using the arith-
metic logic unit, the combination of arithmetic operations
being substantially equivalent to the mathematical function.

In yet another embodiment, an integrated circuit is pro-
vided for performing mathematical functions. The integrated
circuit includes an instruction decoder circuit configured to
decode instructions for performing a mathematical function,
an arithmetic logic unit circuit having an alterable configura-
tion to perform a combination of arithmetic operations, and a
control unit circuit configured to, based on the instructions
decoded by the instruction decoder circuit, output one or
more control signals to the arithmetic logic unit circuit. In
response to the arithmetic logic unit circuit receiving the one
or more control signals, the configuration of the arithmetic
logic unit circuit is configured to be altered in accordance
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2

with the one or more control signals such that the combination
of arithmetic operations to be performed by the arithmetic
logic unit circuit is substantially equivalent to the mathemati-
cal function.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example processing system with a
unified ALU.

FIG. 2 illustrates an example of the unified ALU as shown
in FIG. 1.

FIG. 3 illustrates an example of the unified ALU as shown
in FIG. 2 performing a CORDIC computation.

FIGS. 4A and 4B illustrate an example of the unified ALU
as shown in FIG. 2 performing an exponential averaging filter
computation.

FIGS. 5A and 5B illustrate an example of the unified ALU
as shown in FIG. 2 performing an analog computation.

FIG. 6 illustrates an example of the unified ALU as shown
in FIG. 2 performing a negation computation.

FIG. 7 illustrates an example of the unified ALU as shown
in FIG. 2 performing a comparison.

FIGS. 8A and 8B illustrate an example of the unified ALU
as shown in FIG. 2 performing a logarithm computation.

DETAILED DESCRIPTION

Usually, separate arithmetic logic units (ALUs) are needed
for performing different elementary mathematical functions,
which often requires substantial die space, additional routing
resources (e.g., interconnect, wiring), and individualized
logic. The present disclosure provides a unified ALU which is
a general purpose ALU including a versatile architecture so
that it can be used to perform a wide variety of elementary
mathematical functions.

FIG. 1 illustrates an example processing system 100
including a unified AL.U. An instruction decoder 102 decodes
instructions 104 and provides decoded instructions 106 to a
control unit 108 which outputs control input values 110 to a
unified ALU 112. The unified ALU 112 can generate approxi-
mate results (or results that are substantially equivalent, e.g.,
with a £5% error) of a variety of elementary mathematical
functions using a combination of basic arithmetic operations,
such as shift, addition/subtraction and two’s complement rep-
resentations.

For example, the instructions 104 can be user instructions
or computer commands, in another example, the control input
values 110 are generated specifically for a particular math-
ematical function. Configuration of the unified ALU 112 may
be changed in response to the control input values 110 for
performing the mathematical function. A wide variety of
mathematical functions can be performed using the unified
ALU 112, such as Coordinate Rotation Digital Computer
(CORDIC) computation, exponential averaging filter compu-
tation, logarithm computation, division, square root, nega-
tion, absolute, value computation, =, =, tan, cot, hyperbolic
functions, and n” root calculation.

FIG. 2 illustrates an example of the unified AL U 112. The
unified ALU 112 performs elementary mathematical func-
tions on operands 202 and 204 according to a number of
control input values, and generates two outputs 206 and 208.
In some embodiments, the unified. ALU 112 generates an
additional output 210 which is a most significant bit (MSB) of
the output 206 corresponding to the sign of the output 206.

Specifically, the unified AL U 112 includes two pipelines
212 and 214 for processing the operands 202 and 204 respec-
tively. As shown in FIG. 2, a multiplexer 242 in the pipeline
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212 selects and outputs one of the operand 202, a control
input value 246 and a feedback value 248 according to
another control input value 216. A shift component 244 shifts
an output value 252 that is received from the multiplexer 242
to the left (or to the right) for a certain number of bits to
generate a shifted value 256 based on a control input value
218. In addition, a multiplexer 258 receives either the shifted
value 256 from the shift component 254 or a complement
representation of the shifted value 256 from a two’s comple-
ment component 260 according to a control input value 220.
Then, a multiplexer 262 outputs, depending on a control input
value 224, either a value 263 received from the multiplexer
258 or a value 264 received from the pipeline 214 to an adder
270. Based on a control input value 222, another multiplexer
254 outputs either the value 252 or a zero to the adder 270
which in turn generates a sum value 280 to a register 278. The
pipeline 214 includes similar components and operates simi-
larly as the pipeline 212.

An adder 272 receives output values 274 and 276 from the
pipeline 214, and generates a sum value 284 to a registered
282. The registers 278 and 282 provide feedback values 248
and 286 to the multiplexers 242 and 226 respectively for
further iterations. When control input values 236 and 238
indicate that the computation is completed, saturation com-
ponents 288 and 290 generate the outputs 206 and 208 respec-
tively. The saturation component 288 may also generate the
additional output 210 under proper circumstances.

FIG. 3 illustrates an example of the unified ALU 112 per-
forming a CORDIC computation. The CORDIC computation
is often used for solving the trigonometric relationships
involved in plane coordinate rotation and conversion from
rectangular to polar coordinates. For example, input values of
the CORDIC computation are X=cos(8), Y=sin(8), and
expected output values are X =cos(6+1.), Y =sin(6+)), where
A represents an angle. The CORDIC computation can be
carried out using the following approximation:

atan~1(2762)

&, =sign(h)
M =h-Ex0y
X =X Y2 0D,

Yoy =YX 2725, (6]

where i represents the ith iteration.

Referring to FIG. 1, the control unit 108 generates a num-
ber of particular control input values for the CORDIC com-
putation. As shown in FIG. 3, the unified ALU 112 performs
the CORDIC computation through a predetermined ined
number of iterations and generates two outputs 306 (e.g., X)),
and 308 (e.g., Y)).

Specifically, the multiplexer 242 in the pipeline 212 ini-
tially selects an operand 302 (e.g., X,) according to a control
input value 316. The shift component 244 shifts the value 302
to generate a shifted value 356 (e.g., 2-“"?X,) according to a
control input value 318. In addition, the multiplexer 258
receives the shifted value 356 and a complement representa-
tion of the shifted value 356 and outputs a value 365 (e.g.,
£,2°9"2X ) to a multiplexer 232 in the pipeline 214. The
multiplexer 262 outputs a value 364 received from a multi-
plexer 230 in the pipeline 214 to the adder 270 when a control
input value 324 is set to be “1,” In addition, the multiplexer
226 in the pipeline 214 initially selects an operand 304 (e.g.,
Y,) according to a control input value 327. The shift compo-
nent 228 in the pipeline 214 shifts the value 304 to generate a
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shifted value 357 (e.g., 2-“"2Y,), and the multiplexer 230
outputs a value 364 (e.g., —-£,2-"2Y,) to the multiplexer 262.

Moreover, the multiplexer 254 outputs the value 302 to the
adder 270 which generates a sum value 380 (i.e., the sum of
the value 302 and the value 364) to the register 278. Unless the
last iteration is completed, the register 278 feeds the sum
value 380 back to the multiplexer 242 to be used as a starting
value for the next iteration. The multiplexer 232 outputs the
value 365 (e.g., £,2~“"2X ) received from the multiplexer 258
in the pipeline 212 to the adder 272. In addition, the adder 272
receives the value 304 from the multiplexer 233 and outputs a
sum value 384 (i.e., the sum of the value 304 and the value
365) to the register 282. Unless the last iteration is completed,
the register 282 feeds the sum value 384 back to the multi-
plexer 226 to be used as a starting value for the next iteration.
When control input values 336, 338 indicate that the last
iteration is completed, the saturation components 288, 290
respectively generate the outputs 306, 308.

The accuracy of the CORDIC computation and other com-
putations can be controlled by setting the number of itera-
tions. A large number of iterations can be performed to
achieve better accuracy, while a smaller number of iterations
can be set if a higher speed is desired.

FIGS. 4A and 4B illustrate an example of the unified ALU
112 performing an exponential averaging filter computation.
For example, input values of the exponential averaging filter
computation are x(n) and y(n-1), and an output value is y(n).
The exponential averaging filter computation can be carried
out using the following approximation:

yin) =1 —a)yn-1)+ax(m) @

yin) =y -1) +alx(n) -y - 1)]
1

¥ = —

N

where N is an integer,

As shown in FIGS. 4A and 4B, the unified ALU 112 per-
forms the exponential averaging filter computation through
two cycles and generates an output 408 (e.g., y(n)). Specifi-
cally, FIG. 4A illustrates an example of the unified ALU 112
performing a first cycle of the exponential averaging filter
computation. The multiplexer 242 in the pipeline 212 initially
selects an operand 402 (e.g., x(n)) according to a control input
value 416. The shift component 244 shifts the value 402 to
generate a shifted value 456 (e.g., ox(n)) according to a
control input value 418. In addition, the multiplexer 258
receives the shifted value 456 in response to a control input
value 420 and outputs a value 465 (e.g., ax(n)) to a multi-
plexer 232 in the pipeline 214. The multiplexer 262 outputs a
value 464 received from a multiplexer 230 in the pipeline 214
to the adder 270 when a control input value 424 is set to be
“1.” In addition, in response to a control input value 422, the
multiplexer 254 outputs a zero to the adder 270 which gen-
erates a sum value 480 (i.e., the value 464) to the register 278.
The register 278 feeds the sum value 480 back to the multi-
plexer 242 to be used as a starting value for the second cycle.

Moreover, the multiplexer 226 in the pipeline 214 initially
selects an operand 404 (e.g., y(n—1)) according to a control
input value 427. The shift component 228 in the pipeline 214
shifts the value 404 to generate a shifted value 457 (e.g.,
ay(n-1)) according to a control input value 429. The multi-
plexer 230 receives the two’s complement representation of
the shifted value 457 and outputs the value 464 (e.g., —ay(n—
1)) to the multiplexer 262. The multiplexer 232 outputs the
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value 465 (e.g., ox(n)) received from the multiplexer 258 in
the pipeline 212 to the adder 272. In addition, the adder 272
receives the value 404 from the multiplexer 233 inresponse to
a control input value 435, and outputs a sum value 484 (e.g.,
y(n-1)+ox(n)) to the register 282. The register 282 feeds the
sum value 484 back to the multiplexer 226 to be used as a
starting value for the second cycle.

FIG. 4B illustrates an example of the unified ALU 112
performing the second cycle of the exponential averaging
filter computation. The multiplexer 242 in the pipeline 212
selects the value 480 (e.g., —aty(n-1)) according to a control
input value 417. The shift component 244 shifts the value 480
to generate a shifted value 459 (e.g., —ay(n-1)) according to
a control input value 433. The multiplexer 258 receives the
shifted value 459 in response to the control input value 420
and outputs a value 467 (e.g., —ay(n-1)) to a multiplexer 232
in the pipeline 214.

In addition, the multiplexer 226 in the pipeline 214 selects
the value 484 (e.g., y(n-1)+ax(n)) according to a control
input value 431. The multiplexer 232 outputs the value 467
(e.g., —ay(n-1)) received from the multiplexer 258 in the
pipeline 212 to the adder 272. In addition, the adder 272
receives the value 484 from the multiplexer 233 inresponse to
a control input value 437 and outputs a sum value 485 (e.g.,
y(n-1)+ox(n)-ay(n-1)) to the register 282. Then, the satu-
ration component 290 generates the output 408 (e.g., y(n))
when a control input value 438 indicates that the second cycle
is completed.

FIGS. 5A and 5B illustrate an example of the unified ALU
112 performing an antilog computation. The antilog compu-
tation is used for calculating an inverse function of a loga-
rithm. For example, an input value of the antilog computation
is X, and an expected output value is Y=2". The antilog
computation can be carried out using the following approxi-
mation:

X=I+F

Y=(1+F)x2 3)

where I represents an integer, and F represents a fractional
number.

As shown in FIGS. 5A and 5B, the unified ALU 112 per-
forms the antilog computation through two cycles and gen-
erates an output 506 (e.g.,Y). Specifically, FIG. 5A illustrates
an example of the unified AL U 112 performing a first cycle of
the antilog computation. The multiplexer 242 in the pipeline
212 initially selects an operand 502 (e.g., F) according to a
control input value 516. The multiplexer 254 receives and
outputs the value 502 to the adder 270 based on a control input
value 522. In addition, the multiplexer 226 in the pipeline 214
initially selects a control input value 504 (e.g., “1°) according
to another control input value 527. The shift component 228
receives the value 504 and generates a shifted value 557 (e.g.,
“17) based on a control input value 529. The multiplexer 230
receives the shifted value 557 and outputs a value 564 (e.g.,
“17) to the multiplexer 262 according to a control input value
537. Further, the adder 270 receives the value 564 and outputs
a sum value 580 (e.g., 1+F) to the register 278. The register
278 feeds the sum value 580 back to the multiplexer 242 to be
used as a starting value for the second cycle.

FIG. 5B illustrates an example of the unified ALU 112
performing the second cycle of the antilog computation. The
multiplexer 242 in the pipeline 212 selects the value 580 (e.g.,
14F) according to a control input value 517. The shift com-
ponent 244 shifts the value 580 to generate a shifted value 556
(e.g., (1+F)x2%) according to a control input value 518. In
addition, the multiplexer 258 receives and outputs the shifted
value 556 based on a control input value 520 (e.g., “0”). The
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multiplexer 262 outputs a value 563 to the adder 270 in
response to a control input value 524 (e.g., “0”). In addition,
the multiplexer 254 receives and outputs a zero when the
control input value 522 is set to be “1.”” The adder 270 gen-
erates a sum value 581 (e.g., (1+F)x2) to the register 278.
Then, the saturation component 288 generates the output 506
(e.g., Y) when a control input value 536 indicates that the
second cycle is completed.

FIG. 6 illustrates an example of the unified ALU 112 per-
forming a negation computation. For example, an input value
of the negation computation is X, and an output value is
Y=-X. The unified ALU 112 carries out the negation com-
putation through one cycle and generates an output 606 (e.g.,
Y). The multiplexer 242 in the pipeline 212 selects an operand
602 (e.g., X) according to a control input value 617. The shift
component 244 generates a shifted value 656 (e.g., X), and
the two’s complement component 260 outputs a two’s
complement representation of the shifted value 656 (e.g.,
-X). The multiplexer 258 receives and outputs the two’s
complement representation of the shifted value 656 when a
control input value 620 is set to be “1.” The multiplexer 262
outputs a value 663 to the adder 270 in response to a control
input value 624 (e.g., “0”). In addition, the multiplexer 254
receives and outputs a zero when the control input value 622
is set to be “0.” The adder 270 generates a sum value 681 (e.g.,
-X) to the register 278. Then, the saturation component 288
generates the output 606 (e.g., Y) when a control input value
636 indicates that the cycle is completed.

FIG. 7 illustrates an example of the unified ALU 112 per-
forming a comparison. For example, input values of the com-
parison are X and Y, and an output value is 0 it X=X or 1 if
X<Y. As shown in FIG. 7, the unified AL U 112 performs the
comparison through one cycle and generates an output 710
(e.g., 0or1). The multiplexer 242 in the pipeline 212 initially
selects an operand 702 (e.g., X) according to a control input
value 716. The multiplexer 254 receives and outputs the value
702 to the adder 270 based on a control input value 722. In
addition, the multiplexer 226 in the pipeline 214 initially
selects a control input value 704 (e.g.,Y) according to another
control input value 727. The shift component 228 receives the
value 704 and generates a shifted value 757 (e.g., Y) based on
a control input value 729. The two’s complement component
756 outputs a two’s complement representation of the shifted
value 757 (e.g., =Y). The multiplexer 230 receives and out-
puts the two’s complement representation of the shifted value
757 when a control input value 737 is set to be “1.” In response
to a control input value 724 (e.g., “1”), the multiplexer 262
receives and outputs a value 764 to the adder 270 which
outputs a sum value 780 (e.g., X-Y) to the register 278. When
acontrol input value 736 indicates that the cycle is completed,
the saturation component 288 generates the output 710 which
represents a most significant bit of the output 706.

FIGS. 8A and 8B illustrate an example of the unified ALU
112 performing a logarithm computation. For example, an
input value of the antilog computation is X, and an expected
output value is Y=log,(X). The logarithm computation can be
carried out using the following approximation:

Y=I+F
F=F,+F,
F,=x-2
F=F,>>N

I=Leading One Position 4
As shown in FIGS. 8A and 8B, the unified ALU 112 per-
forms the logarithm computation through two cycles and

generates an output 806 (e.g.,Y). Specifically, FIG. 8A illus-
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trates an example of the unified ALU 112 performing a first
cycle of the logarithm computation. The multiplexer 242 in
the pipeline 212 initially selects an operand 802 (e.g., X)
according to a control input value 816. The multiplexer 254
receives and outputs the value 802 to the adder 270 based on
a control input value 822. In addition, the multiplexer 226 in
the pipeline 214 initially selects a control input value 804
(e.g., “17) according to another control input value 827. The
shift component 228 receives the value 804 and generates a
shifted value 857 (e.g., 2) based on a control input value 829.
The two’s complement component 231 outputs a two’s
complement representation of the shifted value 857 (e.g.,
-2/). The multiplexer 230 receives and outputs the two’s
complement representation of the shifted value 857 when a
control input value 837 is set to be “1.” In response to a control
input value 824 (e.g., “1”), the multiplexer 262 receives and
outputs a value 864 to the adder 270 which outputs a sum
value 880 (e.g.,F, =X—-27) to the register 278. The register 278
feeds the sum value 880 back to the multiplexer 242 to be used
as a starting value for the second cycle.

FIG. 8B illustrates an example of the unified ALU 112
performing the second cycle of the logarithm computation.
The multiplexer 242 in the pipeline 212 selects the value 880
(e.g., F,=X-2%) according to a control input value 817. The
shift component 244 shifts the value 880 to generate a shifted
value 856 (e.g., F =F, /2™) according to a control input value
818. In addition, the multiplexer 258 receives and outputs the
shifted value 856 based on a control input value 820 (e.g.,
“07). The multiplexer 262 outputs a value 863 to the adder 270
in response to a control input value 824 (e.g., “0”). In addi-
tion, the multiplexer 254 receives and outputs the value 880 to
the adder 270 when the control input value 822 is setto be “0.”
The adder 270 generates a sum value 881 (e.g., F,,+F,) to the
register 278. Then, the saturation component 288 generates
the output 806 (e.g., Y) when a control input value 836 indi-
cates that the second cycle is completed.

This written description uses examples to disclose the
invention, include the best mode, and also to enable a person
skilled in the art to make and use the invention. The patentable
scope of the invention may include other examples that occur
to those skilled in the art.

For example, the systems and methods described herein
may be implemented on many different types of processing
devices by program code comprising program instructions
that are executable by the device processing subsystem. Other
implementations may also be used, however, such as firm-
ware or appropriately designed hardware configured to carry
out the methods and systems described herein. In another
example, the systems and methods described herein may be
implemented in an independent processing engine, as a co-
processor, or as a hardware accelerator. In yet another
example, the systems described herein may be implemented
using CMOS logic gates. In yet another example, the systems
and methods described herein provide an ultra-low-power
and low-cost solution for performing mathematical func-
tions. In yet another example, the systems and methods
described herein may be provided on many different types of
computer-readable media including computer storage
mechanisms (e.g., CD-ROM, diskette, RAM, flash memory,
computer’s hard drive, etc.) that contain instructions e.g.,
software) for use in execution by a processor to perform the
methods’ operations and implement the systems described
herein.

What is claimed is:

1. A system comprising:

an instruction decoder configured to decode instructions

for performing a mathematical function;
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8

an arithmetic logic unit (AL U) having an alterable configu-
ration to perform a combination of arithmetic opera-
tions;

a control unit configured to, based on the instructions
decoded by the instruction decoder, output one or more
control signals to the ALU,

wherein in response to the ALU receiving the one or more
control signals, the configuration of the ALU is config-
ured to be altered in accordance with the one or more
control signals such that the combination of arithmetic
operations to be performed by the ALU is substantially
equivalent to the mathematical function;

wherein the ALU includes:

a first pipeline configured to generate a first plurality of
pipeline output signals;

a first combination component configured to combine
the first plurality of pipeline output signals and gen-
erate a first combined signal for feeding back to the
first pipeline to perform a plurality of iterations of the
arithmetic operations;

a second pipeline configured to generate a second plu-
rality of pipeline output signals;

a second combination component configured to com-
bine the second plurality of pipeline output signals
and generate a second combined signal for feeding
back to the second pipeline to perform the plurality of
iterations of the arithmetic operations;

a first multiplexer configured to output one of a first
input signal, a first feedback signal and a value as a
first selection signal in response to a first control sig-
nal;

a first shifting component configured to shift the first
selection signal to generate a first shifted signal in
response to a second control signal;

a first complement component configured to generate a
first complement signal of the first shifted signal;

a second multiplexer configured to output one of a sec-
ond input signal, a second feedback signal and a third
input signal as a second selection signal in response to
a third control signal;

a second shifting component configured to shift the sec-
ond selection signal to generate a second shifted sig-
nal in response to a fourth control signal;

asecond complement component configured to generate
a second complement signal of the second shifted
signal;

a third multiplexer configured to output one of the first
shifted signal and the first complement signal as a
third selection signal in response to a fifth control
signal;

a fourth multiplexer configured to output one of the
second shifted signal and the second complement sig-
nal as a fourth selection signal in response to a sixth
control signal;

a fifth multiplexer configured to output one of the first
selection signal and a first reference signal as a fifth
selection signal in response to an seventh control sig-
nal;

a sixth multiplexer configured to output one of the sec-
ond selection signal and a second reference signal as
a sixth selection signal in response to a eighth control
signal;

a seventh multiplexer configured to output one of the
third selection signal and the fourth selection signal as
a seventh selection signal in response to a ninth con-
trol signal;
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an eighth multiplexer configured to output one of the
third selection signal and the fourth selection signal as
an eighth selection signal in response to an tenth con-
trol signal;
wherein
the first combination component is configured to com-
bine the fifth selection signal and the seventh selection
signal to generate the first combined signal related to
the first feedback signal, and

the second combination component is configured to
combine the sixth selection signal and the eighth
selection signal to generate the second combined sig-
nal related to the second feedback signal.

2. The system of claim 1, wherein the ALU includes one or
more configurable shifting components, one or more config-
urable two’s complement components, and one or more con-
figurable addition components;

wherein in response to the AL U receiving the one or more
control signals, configurations of the one or more con-
figurable shifting components, the one or more config-
urable two’s complement components, and the one or
more configurable addition components are altered such
that the combination of arithmetic operations to be per-
formed by the ALU is substantially equivalent to the
mathematical function.

3. The system of claim 1, wherein the arithmetic logic unit

further includes:

a first register configured to receive the first combined
signal and output the first feedback signal at a first time;
and

a second register configured to receive the second com-
bined signal and output the second feedback signal at a
second time.

4. The system of claim 3, wherein the arithmetic logic unit

further includes:

a first saturation component configured to receive the first
feedback signal and generate a first output signal after a
first predetermined number of iterations; and

a second saturation component configured to receive the
second feedback signal and generate a second output
signal after a second predetermined number of itera-
tions.

5. The system of claim 4, wherein the arithmetic logic unit
is further configured to increase the first predetermined num-
ber of'iterations to improve accuracy of performing the math-
ematical function.

6. The system of claim 4, wherein the arithmetic logic unit
is further configured to decrease the first predetermined num-
ber of iterations to improve a speed of performing the math-
ematical function.

7. The system of claim 1, wherein the arithmetic operations
include shifting, addition, subtraction, and two’s complement
calculation.

8. A method comprising:

receiving instructions for performing a mathematical func-
tion;

decoding the instructions;

generating one or more control signals based on the
decoded instructions;

receiving the one or more control signals;

changing an alterable configuration of an arithmetic logic
unit (ALU) in accordance with the one or more control
signals;

performing a combination of arithmetic operations using
the ALU, the combination of arithmetic operations
being substantially equivalent to the mathematical func-
tion;
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wherein performing the combination of arithmetic opera-

tions using the ALU includes:

generating a first plurality of pipeline output signals;

combining the first plurality of pipeline output signals;

generating a first combined signal for feeding back to the
ALU to perform a plurality of iterations of the arith-
metic operations;

generating a second plurality of pipeline output signals;

combining the second plurality of pipeline output sig-
nals; and

generating a second combined signal for feeding back to
the ALU to perform the plurality of iterations of the
arithmetic operations;

outputting one of a first input signal, a first feedback signal

and a value as a first selection signal in response to a first
control signal;

shifting the first selection signal to generate a first shifted

signal in response to a second control signal;
generating a first complement signal of the first shifted
signal;

outputting one of a second input signal, a second feedback

signal and a third input signal as a second selection
signal in response to a third control signal;

shifting the second selection signal to generate a second

shifted signal in response to a fourth control signal;
generating a second complement signal of the second
shifted signal;

outputting one of the first shifted signal and the first

complement signal as a third selection signal in response
to a fifth control signal;

outputting one of the second shifted signal and the second

complement signal as a fourth selection signal in
response to a sixth control signal;

outputting one of the first selection signal and a first refer-

ence signal as a fifth selection signal in response to an
seventh control signal;
outputting one of the second selection signal and a second
reference signal as a sixth selection signal in response to
a eighth control signal;

outputting one of the third selection signal and the fourth
selection signal as a seventh selection signal in response
to a ninth control signal;

outputting one of the third selection signal and the fourth

selection signal as an eighth selection signal in response
to an tenth control signal;

combining the fifth selection signal and the seventh selec-

tion signal to generate the first combined signal related
to the first feedback signal; and

combining the sixth selection signal and the eighth selec-

tion signal to generate the second combined signal
related to the second feedback signal.

9. The method of claim 8, wherein changing the alterable
configuration of the AL U in accordance with the one or more
control signals includes:

changing configurations of one or more configurable shift-

ing components, one or more configurable two’s
complement components and one or more configurable
addition components that are included in the ALU in
accordance with the one or more control signals.

10. The method of claim 9, and further comprising:

adjusting input parameters of the one or more configurable

shifting components, the one or more configurable two’s
complement components or the one or more config-
urable addition components in response to the one or
more control signals.
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